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(57) ABSTRACT

An electric power saving device for motor of pump jack
apparatus. The electric power saving device preferably
detects current and voltage generated from a motor of the
pump jack during the up stroke and down stroke and prefer-
ably converts the real-time load torque obtained using an AC
amplifier and voltage converter. The electric power saving
device preferably minimizes the counter electromotive force
(Back-EMF) and preferably reduces consumption of electri-
cal energy by automatically reducing speed in a heavy-load
during an up stroke, while automatically increasing speed in
un-load, during a down stroke. This is preferably done by
converting real-time load torque obtained by torque formula
and through the output value according to load torque in order
to minimize Back-EMF.

18 Claims, 7 Drawing Sheets
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Illustration of conventional maotor rotation, current Torque, Back - EMF (Example)
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Illustration of motor rotation and Back - EMF of the invention(Example)
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Comparative Illlustration of Pump Jack Behavior

SPM/1 Cycle Up - Stroke | Down - Stroke |Power Save(%)
Time(sec.) 20 10 10
Conventional Back EMF(%) 20~30 0 20~ 30
Power Factor 0.5 0.8 0
Time(sec.) 20 7-8 13-12
Invention Back EMF(%) >0 0 >0 2215
Power Factor >0.95 >0.99 >0.9

FIG. 5
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Test Dutput Data
(AC 3¢ 460V 60Hz Sakw)
Conventianal After impr

NOR-7.5 NOR - 7.02
Qutput Time 2012-10-26 {75800 Dutput Time 2012-10-26 {1000
Demand Start Time 2012-0-26 {72800 Demand Start Time 2012-10-26 16:A0:00
Flapsed Time 0:30:00 Elapsed Time 1:00:00
INST(CIRCUITH INST(CIRCUITH
U1482.86 V U7 48423V U3 48137V Uave 48B.41V U1472.25V Uz 48130V U3 472.B4V Uave 47360 V
110.239 A 120004 1302274 lave 0193 A 1121856 A 12 31813 A 13308774 lave 28.182 A
P0.072 kW Q00BBkar  SO.112kVA PF0.B304 P 1B.682 kW 18853 kvar S 17122 kVA PF0.9743
F59.873 He P10.0RN kW P?0.000KW  PRO0OI2 KW FB0.033 Hz FI 4184 kW P? £.145 kW P35.302 kW
00025 kvar  02000kar  Q30.082 kvar 51 0.085 kvA 01 1160 kvar 022878 kver  030.320kvar  S14.342 kYA
52 0.00 kvA S300B3 kYA PFD.B427 PFZ - 526.590kVA  S36.3B0kVA  PHD.OB36 PF2 0.9326
PR3 01876 PR3 0.9987
AVE (CIRCUIT1) AVE (GIRCUITT)
U1482.80v U7 433.54V U3 482.81V Uave 48B.42 V U1478.00 ¥ 1248828V U34TIBTV Uave 48133 V
1181274 12 13.360 A 13134784 lave 11822 A 117.384 A 1213.0274 1312.645 & lave 11022 A
PB.760 kW 01554 kear S B.945 kVA PFO.8758 PEB.I39 kW 11372 kvar 5 B.208 kVA PFO.8856
F59.957He PLLOZT KW A7 2.0B3 kW P325B0KW F53.999 He PI1.364 kW N7 2.348KW  P32.427kW
U043 kvar Q2 LB kvar 13007 kver  S1LRG7kVA U082 kver  021.027kvar O3 -0048 kvar  STLAITIVA
322800kVA  S32BBZKVA  PRID.8479 PFz 0.88B e 522068 WYA 33 Z2.447KVA  PHD.SSO1 PFZ 0.8838
PF30.7385 PF3 -0.7764
MAX (CIRCUITY) MAX (CIRCUITD
148447V U7 505.54V  134B400V Uave 498.31 V Back-EMF|U1 433.90 ¥ U2000.20V  U34BBI3V Usve 492.38 ¥
1133805 A 12 44.377 A 1347 8974 lave 40.788 A 1131245 4 17 4829 A 1339.770 4 lave 37.063 A
P 25415 kW 0 6.814 kear S26.00kvA  PFO.93DI P23120kW 15.981 kvar $73.683kve  PF0.3330
F 60.066 Hz P1B.854 kW P79.25BkW  P3OATSEW FEONH: PIBIA0 KW P2 8602 kW P3BE04LW
WM2007kar (2388 ker (31158 ker  SI7109 kVA IR0 kvar 023786 kar 030943 kver  STBADB kYA
§73.857kVA S39508kA  PRILOOOD PF2 1.0000 523205kA  S3AAR0BKVA  PHLOOOD PF? 0.338
PF31.0000 PF31.0000
MIN (CIRCLIT) MIN (CIRCLITY
U146725V U2 47883V U3 486.83V Uave 470.34 ¥ U146358 V U2 47335V U3 46335V Uave 46718V
110.230 A 12 0.00A [30.219 4 lave 0.150 A 102214 120004 1302114 lave 0144 4
P 0.067 kW 0-0.042 kvar S 0.O74KVA PF-1.0000 P 0.0R4 kW 10.051 kvar 5 0.085 kYA PF0.5073
F59.905 H P10.057 kW PZ0.00CKW  P300OIDKW F 53874 He FI0.094 kW P2 0.000kW  P3OOIOKW
0-0M6kvar  Q2000kar  (3-0420kvar S 0.0B1kVA U1-00% kvar  02000kvar  03-0.535kvar  S10.038kVA
7 0.00 kVA S30012kVA  PH-1.000D PF2 0.0530 52 0.00 kVA S30027kvA  PR-LODOD PF2 01020
PF3-1.000 PR3 -.0000
INTEGRATE (CIRCUIT) INTEGRATE (CIRCUITI)
WP+ 3.3801 kWh WP- -0.0000 kWh WO+ 0.7758 kvarh WQ- -0.0000 kvarh WP+ 61331 kWh  WR- -0.0000 kWh W@+ 1.3722 kvarh WO- -0.0000 kvarhy
INTERVAL (CIRCUITY) INTERVAL (CIRCUIT)
WP+ 33801 kWh  WP- -0.0000 kWh W0+ 0.7758 kvarh WQ- -0.0000 kvarh WP+ 61331 kiWh  WP- -0.0000 kWh W0+ 1.3722 kvarh W0- -0.0000 kvarhy
DEMAND (CIRCLITY) DEMAND (CIRCLITS)
P B7BO kW 01554 kear PF0.9746 P B30 kW 11372 kvar PF0.8758
PmaxB.780 kW  Date 2012/10/26 Time [7:58:00 Pmax 5188 kW Date 2012/10/26 Time 1710:00
With Art Saver With Art Saver
SPM: 7.8 SPM: 7.02
kWh: B.780 kWh: B.133
kvar: 1,554 kvar: 1.572
PR 0.9745 PF:0.9758

FIG. 6
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Test Confirmed Sheet, Texas, LS.

(AC 3P 460V B0Hz 30kw)
Conventional After improvement
By-Pess 8.26 NOR - 8.08
Dutput Time 2012-10-78 13:47:00 Qutput Time 2012-10-28 18:37:00
Demand Start Time 2012-10-26 12:4700 Demand Start Time 2012-10-28 18:07:00
Elapsed Time 1.00.00 Elapsed Time 10000
INST(CIRCUITN INSTCIRCUITY
UI4TB.41V UZ4B6.08Y U3 47483V Uswe 473.3V U1 482.01V 17 432.6BV U3 482.23V Uave 485.63 V
I116.12 A 1218.052 A 1318.296 A lave 17.820 A 116.430 A 1214.327A 13 14.541 A lave 11986 A
P -0.308 kW 014754 kar  S1A7R7TKVA PFO.0209 P 6.I134 kW (11,441 kvar S 6.301kVA PF0.9735
FB0.021Hz PI-0.205kW P2 -0.333kW  P30.250KwW FE0.01l Hz P11.0BE kW P2 2.432 kW P3 2.BITkW
014.376 kver 07 5.285kver 03 5.083 kvar  S14.3B0kVA 010323 kvar 02 1317 kvar 03-0.088 kver 311133 kVA
325.309kvA  §535.092kVA  PHO.D4E3 PF2 0.0740 32265 KVA  S32.BZ4KVA PFI0.8585 PF2 0.8784
PF3 0.0570 PF3 -0.9371
AVECIRCUIT) AVE (CIRCUIT 1
UI477.80V U2487.28V U3 476.48V  Uswve 4B0.51V U1 478.84V 117 488.45V U3 478.68V Uave 482.32V
11228174 12 2B.776 A 1326.986 A lave 25.528 A 118.9874 12 14.866 A 13 14.447 A lave 12.767 A
P 7468 KW 01700 kvar S 21137 kVA PF 0.4788 P7.337W [11.698 kvar 5 7.637kVA PF0.8786
F 80.000 Hz PI2.174 kW P72.032 kW  P33.262 kW F59.899 Hz PIL.701 KW P2 2.787 kW P3 7.BR9 kW
014.781 kver 02634 kar 035882 kvar  SIB.212 kVA 010474 kar 02 1184 kvar 13 0.172 kvar SILTB7 kVA
S2 7478 kWA S3T5I0KVA  PHO.ITZ PFZ 0.4301 —>(523.004kVA  S32.890kVA PRI 0.9450 PF2 0.8349
PF3 0.4823 PF3 0.7605
—>|MAX(CIRCUIT) MAX (CIRCUITY
L1480.57V 0750033V U34BR.A5V  Usve 433.13Y Back-EMF|Ui 487.73 V 117 439.42 V U3 487.21V Uave 43138 V
I146.126 A 1243130 A 13526254 laved8.2714 1138.420 A 12 50.553 A 13 49.036 A lave 46.003 A
Back-EMF |P 33.810 kW 022585 kvar  S40.225kVA  PFO.B447 P30.085kW  Q7.5M kvar 5 30.825kVA PF0.9879
F 60.085 Hz PIOES3 KW PZIDB3IKW  P312.2BB kW FB0.127 Hz P1B.034 kW PZ 10741 KW P3 11310 kW
01 B.415 kvar 028.395ker 03 7.822 kver  §112.322 kVA 012250 kver 024052 kver 031280 kver S18.244 kVA
S213.484 kWA S314.4B3 kVA  PFID.B723 PF2 0.8064 S7 1436 kYA S311.350 kYA PFI 09589 PF? 0.9397
PF3 0.8548 PF31.0000
MIN (CIRCUIT) MIN (CIRCUITI)
UL 4BLTIY U2 47088V U3460.28V  Unwe 48413V Ul 485.08V U2 474.28Y U3 464.33V Uave 468.21V
I115.243 A 1217.080 A 13 16.660 A lave 16.340 A 110.228 A 120.00A 1302174 lave 0148 A
P-17.635 kW 113403 ker ~ S13.405kVA  PFO.ODDD P 0.0G7 kW [0.0.075 kvar S 0.106 kvA PFO.5840
F59.816 Hz PI-B.21ZKN P2 -BAB3 KW P3-4334kW F 59.836 Hz P10.056 kW P2 0.000 kw P3 001 kW
014082 kvar 024706 kvar 034615 kvar  S14.086 kVA 01008 kvar  02-0B6ker  03-0.460kvar  S10.061KVA
32 4712 VA S34820kVA  PF0.0000 PF2 0.0000 320.000kvA  S30.058 kvA PFI0.2813 PF2 -0.9999
PF3 0.0000 PF3 -1.0000
INTEGRATE (CIRCLITY) INTEGRATE (CIRCLIT)
WP~ 3.3489 kWh WP- -LBBINkWh WO+ 17.0135 kverl WO- -0.0000 kvarh WP+ 3.6684 kWh WP--0.0000 kWh WO+ 0.8464 kvarh WO- -0.0000 kvarh
INTERVAL (CIRCUITR) INTERVAL (CIRCUITH)
WP~ 5.3489 kWh WP- -1BBII kWh WO+ 17.0135 kvarl WQ- -0.0000 kvarh WP+ 3.6684 kWh WP--0.0000 kWh WO+ 0.8484 kvarh WO- -0.0000 kvarh
DEMAND (CIRCUITY) DEMAND (CIREUITS)
P 9340 kW 007014 kvar  PFOABIG P 7.337kW [11.638 kvar PF 09744
Pmax 9.349 kW Date 2012/10/26 Time 13:47.00 Pmax7.337 kW  Date 2012/10/26  Time 18:37:00
Bypass Mode (Without Art Saver) With Art Saver
SPM: 8.26 SPM: 8.09
kWh: 9.349 kWh:7.337
kvar: 17.014 kvar: 1.693
PF. 0.4316 PF. 0.9744

FIG. 7
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1
ELECTRIC POWER SAVING DEVICE FOR
MOTOR OF PUMP JACKS APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This Application claims the benefit of Korean Patent Appli-
cation No. 10-2014-0047793, filed on Apr. 22, 2014, titled
“Petroleum Extractor Electrical Consumption Savings
Device”, by inventor Kyung-Soon Lee, the contents of which
are expressly incorporated herein by this reference as though
set forth in their entirety, and to which priority is claimed.

FIELD OF USE

The present disclosure relates generally to power saving
devices for resource mining systems. More specifically, the
present disclosure relates to electric power saving devices for
motor of pump jack apparatus.

BACKGROUND

With the growing human population and the rapid con-
sumption of natural resources, resources buried deep beneath
the ground or on the seabed are essential for the human race.
In order to tap these resources, a variety of diggers have been
used. One example of a digger is a pump jack for oil field and
natural gas excavation, which is preferably used by oil com-
panies for producing oil. The pump jack is also popular
among non-oil producing companies for extracting resources
from the land or sea. Due to its popularity, numerous pump
jack facilities have increased rapidly over the years, as shown
by the two million units, which have been used and distrib-
uted by oil-producing nations.

In order to preserve its power, these pump jack systems
have generally utilize various regeneration devices and pump
jack reduction gears to alter its speed and or send back an
electromotive force (EMF) to the power source. For example,
some pump jacks were developed to utilize a hydraulic or air
system. Unfortunately, the prices of those pump jacks are
extremely high, and problems typically occurred relating to
installation and replacement. Additionally, the low level of
electrical energy savings generally slows the return of invest-
ment (ROI), which may further exacerbate the already numer-
ous installation problems and difficulties.

Therefore, what is needed is a new and improved electric
saving device for a pump jack or pump jack system. Prefer-
ably, the electric saving device will effectively regulate and
control the amount of power used for that motor of pump jack
apparatus.

SUMMARY

To minimize the limitations in the prior and to minimize
other limitations that will become apparent upon reading and
understanding the present specification, the following dis-
closes a new and improved electric power saving device for
motor of pump jack apparatus.

One embodiment may be an electric power saving device
for motor of pump jack apparatus, comprising a current detec-
tor, current amplifier and voltage converter, a voltage-current
converter and an inverter wherein the current detector is
coupled between a motor of a pump jack and the current
amplifier and voltage converter, wherein the current amplifier
and voltage converter is coupled between the current detector
and the voltage-current converter wherein, the voltage-cur-
rent converter is coupled between the current amplifier and
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voltage converter and the inverter and wherein the inverter is
coupled between the voltage-current converter and the motor
of the pump jack. The electric power saving device may
reduce a speed of the motor during an up stroke of the pump
jack and may increase the speed of the motor during a down
stroke of the pump jack based on a torque formula. The
electric power saving device may comprise an error detection
circuit, wherein the error detection circuit may be coupled to
the current amplifier and voltage converter and the voltage-
current converter and may be configured to detect a fault in
the current amplifier and voltage converter and the voltage-
current converter wherein the fault may occur when the cur-
rent amplifier and voltage converter does not function prop-
erly and wherein the fault may occur when the voltage-
current converter does not function properly. The electric
power saving device may further comprise a bypass circuit,
wherein when the error detection circuit detects the fault, the
bypass circuit may block an input current from the inverter to
the motor and may directly couple a power supply of the
pump jack to the motor. The error detection circuit may be
configured to detect an error in the current amplifier and
voltage converter and the voltage-current converter, wherein
the error detection circuit may couple the inverter to the motor
and may allow a portion of the input current to enter the
motor. The electric power saving device may comprise a
constant voltage regulator and a voltage regulator, wherein
the constant voltage regulator may be coupled between an
input voltage and the regulator and wherein the regulator may
be coupled between the constant voltage regulator and the
current amplifier and voltage converter. The regulator may be
coupled between the constant voltage regulator and the volt-
age-current converter. The input voltage may be an AC volt-
age wherein the constant voltage regulator may convert the
AC voltage to a first DC voltage and a second DC voltage. The
regulator may convert the first DC voltage to a first negative
DC voltage and wherein the first negative DC voltage may be
inputted to the current amplifier and voltage converter. The
regulator may convert the second DC voltage to a second
negative DC voltage and wherein the second negative DC
voltage may be inputted to the voltage-current converter.
Another embodiment may be an electric power saving
device for motor of pump jack apparatus, comprising current
detector current amplifier and voltage converter voltage-cur-
rent converter an inverter and a converter wherein the current
detector is coupled between a motor of a pump jack and the
current amplifier and voltage converter, wherein the current
amplifier and voltage converter is coupled between the cur-
rent detector and the voltage-current converter, wherein the
voltage-current converter is coupled between the current
amplifier and voltage converter and the inverter, wherein the
inverter is coupled between the voltage-current converter and
the motor of the pump jack and wherein the converter is
coupled between the inverter and the voltage-current con-
verter. The electric power saving device may reduce a speed
of the motor during an up stroke of the pump jack and may
increase the speed of the motor during a down stroke of the
pump jack based on a torque formula. The electric power
saving device may comprise an error detection circuit,
wherein the error detection circuit may be coupled to the
current amplifier and voltage converter and the voltage-cur-
rent converter and may be configured to detect a fault in the
current amplifier and voltage converter and the voltage-cur-
rent converter, wherein the fault may occur when the current
amplifier and voltage converter does not function properly
and wherein the fault may occur when the voltage-current
converter does not function properly. The electric power sav-
ing device may further comprise a bypass circuit, wherein
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when the error detection circuit detects the fault, the bypass
circuit may block an input current from the inverter to the
motor and may directly couple a power supply of the pump
jack to the motor. The error detection circuit may be config-
ured to detect an error in the current amplifier and voltage
converter and the voltage-current converter, wherein the error
detection circuit may couple the inverter to the motor and may
allow a portion of the input current to enter the motor. The
electric power saving device may comprise a constant voltage
regulator and a voltage regulator, wherein the constant volt-
age regulator may be coupled between an input voltage and
the regulator and wherein the regulator may be coupled
between the constant voltage regulator and the current ampli-
fier and voltage converter. The regulator may be coupled
between the constant voltage regulator and the voltage-cur-
rent converter. The regulator may convert the first DC voltage
to a first negative DC voltage and wherein the first negative
DC voltage may be inputted to the current amplifier and
voltage converter. The regulator may convert the second DC
voltage to a second negative DC voltage and wherein the
second negative DC voltage may be inputted to the voltage-
current converter.

Another embodiment may be an electric power saving
device for pump jacks and motor of pump jack apparatus,
comprising a current detector current amplifier and voltage
converter voltage-current converter and an inverter, an error
detection circuit, bypass circuit, constant voltage regulator, a
voltage regulator wherein the current detector is coupled
between a motor of a pump jack and the current amplifier and
voltage converter, wherein the current amplifier and voltage
converter is coupled between the current detector and the
voltage-current converter, wherein the voltage-current con-
verter is coupled between the current amplifier and voltage
converter and the inverter, wherein the inverter is coupled
between the voltage-current converter and the motor of the
pump jack, wherein the error detection circuit is coupled to
the current amplifier and voltage converter and the voltage-
current converter and is configured to detect a fault in the
current amplifier and voltage converter and the voltage-cur-
rent converter, wherein the fault occurs when the current
amplifier and voltage converter does not function properly,
wherein the fault occurs when the voltage-current converter
does not function properly, wherein when the error detection
circuit detects the fault, the bypass circuit blocks an input
current from the inverter to the motor and directly couples a
power supply of the pump jack to the motor, wherein the error
detection circuit is configured to detect an error in the current
amplifier and voltage converter and the voltage-current con-
verter, wherein the error detection circuit couples the inverter
to the motor and allows a portion of the input current to enter
the motor, wherein the constant voltage regulator is coupled
between an input voltage and the regulator, wherein the regu-
lator is coupled between the constant voltage regulator and
the current amplifier and voltage converter, wherein the regu-
lator is coupled between the constant voltage regulator and
the voltage-current converter, wherein the input voltage is an
AC voltage, wherein the constant voltage regulator converts
the AC voltage to a first DC voltage and a second DC voltage,
wherein the regulator converts the first DC voltage to a first
negative DC voltage, wherein the first negative DC voltage is
inputted to the current amplifier and voltage converter,
wherein the regulator converts the second DC voltage to a
second negative DC voltage, wherein the second negative DC
voltage is inputted to the voltage-current converter, wherein a
current output of the voltage-current converter is between
approximately 4-20 mA and wherein the electric power sav-
ing device reduces a speed of the motor during an up stroke of
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the pump jack and increases the speed of the motor during a
down stroke of the pump jack based on a torque formula.

Itis an object to provide a new and improved electric power
saving device for pump jacks. The electric power saving
device preferably: (1) detects load power (which changes in
real time); (2) uses a conversion using DC; and (3) provides a
connection to the analog input terminal (approximately
between 4-20 mA) of the inverter to ensure that there is no
change in all manufacturing process cycles (SPM).

It is another object to provide an electric power saving
device that reduces power consumption in slow movement
during up stroke or heavy load.

It is another object to increase the number of revolutions
more than the revolutions per minute (RPM) of'a motor due to
the weight of a counter weight during the down stroke or
unload, thereby causing counter-electromotive force (i.e.,
Back EMF). Thus, the electric power saving device prefer-
ably provides power to automatically increase the frequency
up to the limited speed in order to minimize Back EMF from
an unload to approximately “0”.

It is another object to provide an electric power saving
device for pump jacks that detects current and voltage gen-
eration from a motor during the up stroke and down stroke of
the pump jack and converts the real-time load torque obtained
from:

K\/?-E-I-cos§

T=
N

in (kg*m) using an AC amplifier and voltage converter. Pref-
erably, the electric power saving device is then connected to
the “Flectrical Energy Saving Device by Main Current Detec-
tion, Analysis, and Regression Using Inverter” that is dis-
closed in Korean Patent Application No. 10-0862579, filed by
Kyung-Soon Lee, the same inventor of the present disclosure,
the contents of which are expressly incorporated herein by
this reference as though set forth in its entirety. The electric
power saving device preferably reverses an output to a direct
current of approximately 20-40 mA by the voltage-current
converter in order to provide approximately 4-20 mA to an
analog terminal of the inverter. This will preferably minimize
Back EMF by automatically reducing the speed in heavy load
orup strokes and automatically increasing the speed in unload
or down strokes. Furthermore, a single cycle (SPM) device is
preferably incorporated to reduce consumption of electrical
energy by remaining operationally constant without change.

It is an object to provide electric power saving device for
pump jacks that detects load power, which generally changes
in real-time. The electric power saving device preferably
utilizes Direct Current (DC) and a connection to the analog
input terminal (approximately 4-20 mA) of an inverter to
ensure there is no change in the manufacturing process cycles
(SPM) by preferably decreasing frequency if current
increases during the up stroke of the pump jacks, while
decreasing frequency when the current is low during the down
stroke.

It is an object to increase oil production by reducing the
amount of air bubbles in the hole pump and bucket at the
bottom of the polished rod.

It is an object to reduce of purchase and installation
expenses for the control systems of pump jacks.

It is an object of the new apparatus to avoid the limitations
of the prior art.
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Other features and advantages that are inherent in the elec-
tric power saving device for motor of pump jack apparatus
claimed and disclosed will become apparent to those skilled
in the art from the following detailed description and its
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

The drawings are of illustrative embodiments. They do not
illustrate all embodiments. Other embodiments may be used
in addition or instead. Details which may be apparent or
unnecessary may be omitted to save space or for more effec-
tive illustration. Some embodiments may be practiced with
additional components or steps and/or without all of the com-
ponents or steps which are illustrated. When the same
numeral appears in different drawings, it refers to the same or
like components or steps.

FIG. 1 is an illustration of one embodiment of a pump jack
with the electric saving device.

FIG. 2 is a block diagram of one embodiment of a regres-
sion device circuit of the electric power saving device.

FIG. 3 is ablock diagram of one embodiment of the electric
power saving device for pump jacks and pump jack systems.

FIGS. 4a and 45 are graphs showing the comparison of the
motor rotation, current, torque, and back-electromagnetic
force between a standard pump jack and one embodiment of
the pump jack with the electric saving device.

FIG. 5 is atable showing the comparison of the mechanical
behavior between a standard pump jack and an embodiment
of the pump jack with the electric saving device.

FIG. 6 is an illustration of the output test data that was
acquired when testing one embodiment of the pump jack with
the electric power saving device.

FIG. 7 is another illustration of the output test data that was
acquired when testing one embodiment of the pump jack with
the electric power saving device.

DETAILED DESCRIPTION OF THE
ILLUSTRATIVE EMBODIMENTS

In the following detailed description, numerous specific
details are set forth in order to provide a thorough understand-
ing of various aspects of one or more embodiments of the
disclosure. However, the one or more embodiments may be
practiced without some or all of these specific details. In other
instances, well-known methods, procedures, and/or compo-
nents have not been described in detail so as not to unneces-
sarily obscure aspects of embodiments.

While multiple embodiments are disclosed, other embodi-
ments may become apparent to those skilled in the art from
the following detailed description. As will be realized, the
following is capable of modifications in various obvious
aspects, all without departing from the spirit and scope of the
disclosure. Accordingly, the graphs, figures, and the detailed
descriptions thereof, are to be regarded as illustrative in
nature and not restrictive. Also, the reference or non-refer-
ence to a particular embodiment shall not be interpreted to
limit the scope of protection.

Before the following is disclosed and described, it is to be
understood that this disclosure is not limited to the particular
structures, process steps, or materials disclosed herein, but is
extended to equivalents thereof as would be recognized by
those ordinarily skilled in the relevant arts. It should also be
understood that terminology employed herein is used for the
purpose of describing particular embodiments only and is not
intended to be limiting.
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In the following description, certain terminology is used to
describe certain features of one or more embodiments. For
example, the terms “pump jack™ and “pump jack systems”
generally refer to any over ground drive for a reciprocating
piston pump used to mechanically lift liquid out of a well such
as a mineral well. Typically, a pump jack converts the rotary
mechanism of the motor to a vertical reciprocating motion to
drive the pump shaft, and is generally exhibited in the char-
acteristic nodding motion.

The terms “torque formula” and “torque algorithm” gen-
erally refer to the equation or algorithm for converting real-
time load torque, which can be obtained from the following:

K\/?-E-I-cos§

T=
N

The torque formula is preferably used to automatically reduce
speed during a heavy load or up stroke of a pump jack and
automatically increase speed during an unload or down stroke
of the pump jack. This formula preferably helps minimize
counter electromotive force (i.e., Back EMF) and maintain
the same single cycle (SPM) without change.

The present specification discloses a new and improved
electric power saving device for pump jacks. The electric
power saving device preferably: (1) detects load power
(which changes in real time); (2) uses a conversion from a
DC; and (3) provides a connection to the analog input termi-
nal (approximately between 4-20 mA) of the inverter to
ensure that there is no change in all manufacturing process
cycles (SPM). The electric power saving device preferably
ensures that there is no change in the manufacturing process
cycles by decreasing the frequency in the event that current
increases during up stroke of the pump jack, while decreasing
frequency when current is low during down stroke of the
pump jack. The electric power saving device also preferably
detects load power, which generally changes in real-time by
using an “Electrical Energy Saving Device by Main Current
Detection, Analysis, and Regression using Inverter” as dis-
closed in Korean Patent Application No. 10-0862579, filed by
Kyung-Soon Lee, the same inventor of the present disclosure,
the contents of which are expressly incorporated herein by
this reference as though set forth in its entirety.

Another purpose of the electric power saving device is to
reduce power consumption in slow movement during up
stroke or heavy-load. Also, the number of revolutions prefer-
ably increases more than the revolutions per minute (RPM) of
amotor due to the weight of a counter weight during the down
stroke or un-load, thereby resulting with counter electromo-
tive force (i.e., Back EMF). Thus, the electric power saving
device for oil well diggers and pump jacks are provided to
automatically increase frequency up to the limited speed in
order to minimize back EMF from an un-load to approxi-
mately “0”.

In order to achieve the purpose, the electric power saving
device preferably automatically reduces speed in up stroke or
heavy loads, while automatically increasing speed in the un-
load or down strokes by converting real-time load torque
obtained by torque formula:

K\/?-E-I-cos§

T=
N
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and through the output value according to the load torque in
order to minimize Back-EMF and maintain the same single
cycle (SPM) without change.

The electric power saving device generally has dual
effects: (1) one that achieves an electric power saving effect
by slowing down speed during up stroke (heavy-load), during
the single cycle (one SPM) of the Pump jack; and (2) the
other, increasing oil production by reducing the amount of air
bubbles in the hole pump and bucket at the bottom of the
polished rod.

Furthermore, the power consumption of the motor that runs
the pump jack may be reduced significantly, and may also
automatically minimize Back EMF, offering various effects,
such as reduction of purchase and installation expenses for
control systems.

FIG. 1 is an illustration of one embodiment of a pump jack
with the electric saving device. As shown in FIG. 1, one
embodiment of a pump jack 200 with the electric power
saving device 100 may comprise: a walking beam 210, hose
head 220, polished rod 230, Samson post 240, reduction gear
250, V-belt 260, and counterweight 270. F1G. 1 shows that the
primary power source of the pump jack 200 may be delivered
to the reduction gear 250 through the V-belt 260. Moreover,
an induction electric motor 1, shown in FIGS. 2 and 3, may
drive the walking beam 210 to pump up resources by moving
the hose head 220 in an up and down fashion. In the process,
the counter weight 270 generally maintains weight equilib-
rium with the hose head 220 to ensure the hose head 220 can
achieve constant operation. At the bottom of the polished rod
230 is typically a hole pump 290, which may have one or
more valves that allow reservoir fluid to enters.

During an up stroke of the pump jack 200, the travel valve
generally closes and the standing valves typically open (due
to the drop in pressure in the pump barrel). Consequently, the
pump barrel preferably fills with fluid resources, as the trav-
eling piston lifts the previous contents of the barrel upwards.
As the rods begin pushing down, the traveling valve prefer-
ably opens and the standing valve preferably closes (due to an
increase in pressure in the pump barrel). The traveling valve
then preferably drops through the fluid in the barrel (which
had been sucked in during the upstroke). The piston then
generally reaches at the end of its stroke and begins its path
upwards again, repeating the process.

The pump jack 200 may be mounted with an induction
electric motor 1 for movement of the pump jack 200 and may
be supplied by a 3-phase current power through the cables of
the power system. The 3-phase power may then be fed
through the induction electric motor 1 and to the inverter 2. As
such, a lift may be located in a structure that generates regres-
sion power in the event the pump jack 200 descends.

FIG. 2 is a block diagram of one embodiment of a regres-
sion device circuit of the electric power saving device for
pump jacks and pump jack systems. As shown in FIG. 2, one
embodiment of the regression device circuit 50 may com-
prise: amotor 1, inverter 2, current detector 3, an input voltage
or 18V AC input 4, constant voltage regulator 5, 12V DC 6,
5V DC 7, regulator 8, -12V DC 9, voltage-current converter
10, 4-20 mA output current 11, current amplifier and voltage
converter 12, error detection circuit 13, bypass circuit 14,
input current 15, error contact output 16, inverter blocking
circuit 17, and -5V DC 18. FIG. 2 shows that the input voltage
or 18V AC input 4 is preferably supplied to the constant
voltage regulator 5 and is preferably separated into 12V DC 6
and 5V DC 7. The 12V DC 6 and 5V DC 7 may then be
inputted into a regulator 8 that preferably converts those
voltages to negative voltage such as =12V DC 9 and -5V DC
18. Specifically, the 12V DC 6 is preferably converted to a
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negative electrical potential of =12V DC 9 and is preferably
supplied into a voltage-current converter 10. A portion of the
-12V DC 9 may also be inputted into the inverter 2 through a
4-20 mA output current 11 to operate the motor 1 which is
preferably an induction electric motor) by preferably using
the voltage in a variable voltage variable frequency (VVVF)
function. In the event of a fault or abnormality in the current
amplifier and voltage converter 12 and voltage-current con-
verter 10, the error detection circuit 13 may operate a bypass
circuit 14 in order to block the VVVF function of the inverter
2 and may directly connect the power supply of the pump jack
200 to the motor 1. After restoring back to normal operation,
current from the motor 1 may be detected by the current
detector 3 and inputted into the current amplifier and voltage
converter 12 and voltage-current converter 10 via an input
current 15. On the other hand, if an error is detected in the
current amplifier and voltage converter 12 and or voltage-
current converter 10, some current may be inputted into the
bypass circuit 14 from the error contact output 16 through the
error detection circuit 13 and may input directly into the
motor 1 through the inverter blocking circuit 17 that directly
supplies power. This structure also preferably converts and
circulates the 5V DC 7 to become -5V DC 18 through the
regulator 8 and generally provides -5V DC 18 as power to the
current amplifier and voltage converter 12. Some current of
the -5V DC 18 may also be inputted into the inverter 2
through the 4-20 mA output current 11. After running the
inverter 2, the current detected from current detector 3 may be
applied to the current amplifier and voltage converter 12
through input current 15, and again changed to the voltage-
current converter 10.

FIG. 3 is ablock diagram of one embodiment of the electric
power saving device for pump jacks and pump jack systems.
As shown in FIG. 3, one embodiment of the electric power
saving device 100 may comprise: a motor 1, inverter 2, cur-
rent detector 3, an input voltage or 18V AC input 4, constant
voltage regulator 5, 12V DC 6, 5V DC 7, regulator 8, -12V
DC 9, voltage-current converter 10, current amplifier and
voltage converter 12, error detection circuit 13, bypass circuit
14, input current 15, error contact output 16, inverter blocking
circuit 17, -5V DC 18, 20-4 mA reverse output current 19,
and converter 20. Some features of the electric power saving
device 100 may have been modified by having been con-
nected and installed to the regression device circuit 50 of
Korean Patent No. 10-0862579 that has such structure. FIG. 3
shows that the electric power saving device 100 generally
comprises a structure that preferably detects current from the
current detector 3 and preferably passes the current through
the current amplifier and voltage converter 12 without con-
verting to 4-20 mA DC output in the voltage-current con-
verter 10. Rather, the input current 15 is preferably converted
by a reversed output current of 20-4 mA reverse output cur-
rent 19 and preferably inputted into the inverter 2. While the
step from the input current 15 above is substantially the same
up to the current amplifier and voltage converter 12, the 4-20
mA output current 11 in the regression device circuit 50 in the
voltage-current converter 10 preferably has been converted to
a reverse output current to approximately 20-4 mA from the
20-4 mA reverse output current 19 in the electric power
saving device 100. Additionally, as shown in FIG. 3, output
value of the current detector 3, which may be approximately
between 0-5 A, and the inverter 2 output frequency may have
opposite values, in cases where the output is close to approxi-
mately 4 mA through the voltage-current converter 10 in case
of an up stroke (i.e., heavy-load) as shown in FIG. 4. There-
fore, if the frequency of the inverter 2 decreases contrary to
the down stroke (orunload), an input current 15 value through
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the current detector 3 may likely decrease as the DC output
value increases near 20 mA through the voltage-current con-
verter 10, which typically results in a frequency increase for
the inverter 2.

FIGS. 4a and 45 are graphs showing the comparison of the
motor rotation, current, torque, and back-electromagnetic
force between a standard pump jack and one embodiment of
the pump jack with the electric saving device.

FIG. 5 is atable showing the comparison of the mechanical
behavior between a conventional pump jack and an embodi-
ment of the pump jack with the electric saving device. As
shown in FIGS. 44, 4b, and 5, the DC charging voltage of the
inverter 2 may increase during the down stroke of the pump
jack 200 due to the Back EMF resulting from the counter
weight 270 of the pump jack 200. In the event that: (1) the
charging voltage increase exceeds the rating of the DC of the
converter 20 and (2) 0-2.5V output voltage is inputted into the
voltage-current converter 10 through charging the converter
20, a 4-20 mA output 11 may be increased to the direction
near approximately 20 mA to increase speed to a height that
offsets Back EMF that is generated during down stroke or
unload.

In other words, the converter 20 may comprise a “cross
regulation of switch mode power supply” (not shown), which
may further comprise the tracking mode and regulation mode,
wherein the tracking mode may be positioned in the given
target value to an actuator or devices connected to the actuator
(i.e., the cross regulation of switch mode power supply
applies to control for reaching the speed of the induction
electric motor). The regulation mode, on the other hand, may
correspond to precision control of the hunting phenomenon
that is generated after arriving at the target value by the
tracking mode. The input of the motor 1 or induction electric
motor that is preferably the Back EMF generated by the
counter weight 270 during download (or un-load) by detect-
ing the output voltage of the inverter 2 may provide an AC
voltage that may be detected in the converter 20 up to the limit
of the capacity of the inverter 2. If the AC voltage is detected
as being higher than the set limit, the output voltage of the
direct current of 0-2.5V that passes through the converter 20
may be inputted into the voltage-current converter 10 and
may increase to the direction near approximately 20 mA only
when the value is preferably more than the set purpose value
of the tracking mode—i.e., where the speed of the motor 1 or
induction electric motor will also increase to minimize Back
EMF.

Additionally, the characteristics of the electric power sav-
ing device 100 for the pump jack 200 may have a dual effect:
(1) one that achieves an electric power saving effect by pro-
viding slow speed during the up stroke (i.e., heavy load) while
the one SPM (single cycle) of the pump jack 200 is the same;
and (2) the other, may be increasing oil production by reduc-
ing the amount of air bubbles in the hole pump 290 and bucket
at the bottom of the polished rod 230.

FIG. 6 is an illustration of the output test data that was
acquired when testing one embodiment of the pump jack with
the electric power saving device. FIG. 6 also shows a com-
parison of the substantial electrical energy savings between a
conventional pump jack and an embodiment of the pump jack
with the electric saving device with a 3 phase alternating
current configured at 460 volts, 60 hertz and 55 kilowatts.

FIG. 7 is another illustration of the output test data that was
acquired when testing one embodiment of the pump jack with
the electric power saving device. FIG. 7 also shows a com-
parison of the substantial electrical energy savings between a
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conventional pump jack and an embodiment of the pump jack
with a 3 phase alternating current configured at 460 volts, 60
hertz and 30 kilowatts.

As described above, the present disclosure is not limited to
the described embodiments and drawings attached and dis-
placement, modification, and conversion without departing
the scope of the technical idea and should be available and
clear for a person having ordinary skill in the art. While the
foregoing written description enables one of ordinary skill to
make and use what is considered presently to be the best mode
thereof, those of ordinary skill will understand and appreciate
the existence of variations, combinations, and equivalents of
the specific embodiment, method, and examples herein. This
disclosure should therefore not be limited by the above
described embodiment, method, and examples, but by all
embodiments and methods within the scope and spirit of the
disclosure as claimed.

The foregoing description of the preferred embodiment has
been presented for the purposes of illustration and descrip-
tion. While multiple embodiments are disclosed, still other
embodiments will become apparent to those skilled in the art
from the above detailed description, which shows and
describes illustrative embodiments. As will be realized, the
embodiments are capable of modifications in various obvious
aspects, all without departing from the spirit and scope.
Accordingly, the detailed description is to be regarded as
illustrative in nature and not restrictive. Also, although not
explicitly recited, one or more embodiments may be practiced
in combination or conjunction with one another. Further-
more, the reference or non-reference to a particular embodi-
ment shall not be interpreted to limit the scope. It is intended
that the scope not be limited by this detailed description, but
by the claims and the equivalents to the claims that are
appended hereto.

Except as stated immediately above, nothing which has
been stated or illustrated is intended or should be interpreted
to cause a dedication of any component, step, feature, object,
benefit, advantage, or equivalent to the public, regardless of
whether it is or is not recited in the claims.

What is claimed is:
1. An electric power saving device for a motor of a pump
jack apparatus, comprising:

a current detector;

a current amplifier and voltage converter;

a voltage-current converter; and

an inverter;

wherein said current detector is coupled between a motor
of a pump jack and said current amplifier and voltage
converter;

wherein said current amplifier and voltage converter is
coupled between said current detector and said voltage-
current converter;

wherein said voltage-current converter is coupled between
said current amplifier and voltage converter and said
inverter;

wherein said inverter is coupled between said voltage-
current converter and said motor of said pump jack; and

wherein said electric power saving device reduces a speed
of said motor during an up stroke of said pump jack and
increases said speed of said motor during a down stroke
of said pump jack based on a torque formula.

2. The electric power saving device of claim 1, comprising

an error detection circuit;

wherein said error detection circuit is coupled to said cur-

rent amplifier and voltage converter and said voltage-
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current converter and is configured to detect a fault in
said current amplifier and voltage converter and said
voltage-current converter;

wherein said fault occurs when said current amplifier and

voltage converter does not function properly; and
wherein said fault occurs when said voltage-current con-
verter does not function properly.

3. The electric power saving device of claim 2, further
comprising:

a bypass circuit;

wherein, when said error detection circuit detects said

fault, said bypass circuit blocks an input current from
said inverter to said motor and directly couples a power
supply of said pump jack to said motor.

4. The electric power saving device of claim 2, wherein
said error detection circuit is configured to detect an error in
said current amplifier and voltage converter and said voltage-
current converter; and

wherein said error detection circuit couples said inverter to

said motor and allows a portion of said input current to
enter said motor.

5. The electric power saving device of claim 2, further
comprising:

a constant voltage regulator; and

a voltage regulator;

wherein said constant voltage regulator is coupled between

an input voltage and said regulator; and

wherein said regulator is coupled between said constant

voltage regulator and said current amplifier and voltage
converter.

6. The electric power saving device of claim 2, wherein
said regulator is coupled between said constant voltage regu-
lator and said voltage-current converter.

7. The electric power saving device of claim 6, wherein
said input voltage is an AC voltage; and

wherein said constant voltage regulator converts said AC

voltage to a first DC voltage and a second DC voltage.

8. The electric power saving device of claim 7, wherein
said regulator converts said first DC voltage to a first negative
DC voltage; and

wherein said first negative DC voltage is inputted to said

current amplifier and voltage converter.

9. The electric power saving device of claim 7, wherein
said regulator converts said second DC voltage to a second
negative DC voltage; and

wherein said second negative DC voltage is inputted to said

voltage-current converter.

10. An electric power saving device for pump jacks and
pump jack systems, comprising:

a current detector;

a current amplifier and voltage converter;

a voltage-current converter;

an inverter; and

a converter;

wherein said current detector is coupled between a motor

of a pump jack and said current amplifier and voltage
converter;

wherein said current amplifier and voltage converter is

coupled between said current detector and said voltage-
current converter;

wherein said voltage-current converter is coupled between

said current amplifier and voltage converter and said
inverter;

wherein said inverter is coupled between said voltage-

current converter and said motor of said pump jack;
wherein said converter is coupled between said inverter
and said voltage-current converter; and
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wherein said electric power saving device reduces a speed
of said motor during an up stroke of said pump jack and
increases said speed of said motor during a down stroke
of said pump jack based on a torque formula.

11. The electric power saving device of claim 10, compris-
ing an error detection circuit;

wherein said error detection circuit is coupled to said cur-

rent amplifier and voltage converter and said voltage-
current converter and is configured to detect a fault in
said current amplifier and voltage converter and said
voltage-current converter;

wherein said fault occurs when said current amplifier and

voltage converter does not function properly; and
wherein said fault occurs when said voltage-current con-
verter does not function properly.

12. The electric power saving device of claim 11, further
comprising a bypass circuit;

wherein, when said error detection circuit detects said

fault, said bypass circuit blocks an input current from
said inverter to said motor and directly couples a power
supply of said pump jack to said motor.

13. The electric power saving device of claim 11, wherein
said error detection circuit is configured to detect an error in
said current amplifier and voltage converter and said voltage-
current converter; and

wherein said error detection circuit couples said inverter to

said motor and allows a portion of said input current to
enter said motor.

14. The electric power saving device of claim 11, compris-
ing:

a constant voltage regulator; and

a voltage regulator;

wherein said constant voltage regulator is coupled between

an input voltage and said regulator; and

wherein said regulator is coupled between said constant

voltage regulator and said current amplifier and voltage
converter.

15. The electric power saving device of claim 11, wherein
said regulator is coupled between said constant voltage regu-
lator and said voltage-current converter.

16. The electric power saving device of claim 15, wherein
said regulator converts said first DC voltage to a first negative
DC voltage; and

wherein said first negative DC voltage is inputted to said

current amplifier and voltage converter.

17. The electric power saving device of claim 16, wherein
said regulator converts said second DC voltage to a second
negative DC voltage; and

wherein said second negative DC voltage is inputted to said

voltage-current converter.

18. An electric power saving device for pump jacks and
pump jack systems, comprising:

a current detector;

a current amplifier and voltage converter;

a voltage-current converter;

an inverter;

an error detection circuit;

a bypass circuit;

a constant voltage regulator; and

a voltage regulator;

wherein said current detector is coupled between a motor

of a pump jack and said current amplifier and voltage
converter;

wherein said current amplifier and voltage converter is

coupled between said current detector and said voltage-
current converter;
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wherein said voltage-current converter is coupled between
said current amplifier and voltage converter and said
inverter;

wherein said inverter is coupled between said voltage-
current converter and said motor of said pump jack;

wherein said error detection circuit is coupled to said cur-
rent amplifier and voltage converter and said voltage-
current converter and is configured to detect a fault in
said current amplifier and voltage converter and said
voltage-current converter;

wherein said fault occurs when said current amplifier and
voltage converter does not function properly;

wherein said fault occurs when said voltage-current con-
verter does not function properly;

wherein, when said error detection circuit detects said
fault, said bypass circuit blocks an input current from
said inverter to said motor and directly couples a power
supply of said pump jack to said motor;

wherein said error detection circuit is configured to detect
an error in said current amplifier and voltage converter
and said voltage-current converter;

wherein said error detection circuit couples said inverter to
said motor and allows a portion of said input current to
enter said motor;
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wherein said constant voltage regulator is coupled between
an input voltage and said regulator;

wherein said regulator is coupled between said constant
voltage regulator and said current amplifier and voltage
converter;

wherein said regulator is coupled between said constant
voltage regulator and said voltage-current converter;

wherein said input voltage is an AC voltage;

wherein said constant voltage regulator converts said AC
voltage to a first DC voltage and a second DC voltage;

wherein said regulator converts said first DC voltage to a
first negative DC voltage;

wherein said first negative DC voltage is inputted to said
current amplifier and voltage converter;

wherein said regulator converts said second DC voltage to
a second negative DC voltage;

wherein said second negative DC voltage is inputted to said
voltage-current converter;

wherein a current output of said voltage-current converter
is between approximately 4-20 mA; and

wherein said electric power saving device reduces a speed
of said motor during an up stroke of said pump jack and
increases said speed of said motor during a down stroke
of said pump jack based on a torque formula.
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